Introduction
============

Gastric cancer is one of the leading causes of cancer-associated mortality in the world ([@b1-ol-0-0-7341]). It is challenging to cure by treatments involving surgery, chemotherapy and radiation therapy, unless it is identified at an early stage ([@b2-ol-0-0-7341]). Although significant progress has been achieved in its systemic treatment, metastatic gastric cancer remains a major therapeutic challenge for oncologists ([@b3-ol-0-0-7341],[@b4-ol-0-0-7341]). Therefore, it is necessary to identify new therapeutic agents with low toxicity and high selectivity to kill cancer cells and suppress tumor metastasis ([@b4-ol-0-0-7341],[@b5-ol-0-0-7341]).

Serine protease inhibitors (serpins) are a family of proteins that inhibit chymotrypsin-like serine proteinases and control activated proteinases, and several are involved in the regulation of cell death ([@b6-ol-0-0-7341]--[@b8-ol-0-0-7341]). Maspin is a member of the serpin family and is present in normal mammary epithelial cells, but it is downregulated or absent in numerous tumor cell lines ([@b9-ol-0-0-7341]--[@b11-ol-0-0-7341]). Maspin is found in the extracellular matrix and at the plasma membrane and has been shown to act at the cell surface to block cell motility and inhibit invasion of breast and prostate cancer cells ([@b6-ol-0-0-7341],[@b9-ol-0-0-7341]).

*Celastrus orbiculatus* Thunb., a Chinese traditional herb, has been used against inflammatory diseases for thousands of years in China. Previous studies have revealed that *C. orbiculatus* extract (COE) exhibits anticarcinogenic potentials, including the induction of cell apoptosis, inhibition of cell proliferation and inhibition of angiogenesis ([@b12-ol-0-0-7341]--[@b14-ol-0-0-7341]). COE was also revealed to inhibit migration and invasion of human colorectal carcinoma cells ([@b15-ol-0-0-7341]). The present study investigated whether COE effects maspin expression synergistically, with the aim of clarifying the mechanisms.

Materials and methods
=====================

### Chemicals and reagents

MTT and dimethyl sulfoxide (DMSO) were acquired from Sigma-Aldrich (EMD Millipore, Billerica, MA, USA). Fetal bovine serum (FBS) and RPMI-1640 medium were purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Matrigel was acquired from BD Biosciences (San Jose, CA, USA). Antibodies against extracellular regulated protein kinase (ERK; cat no. 4695, 1:1,000), phospho-ERK (cat no. 4370; 1:2,000), p38 (cat no. 2371; 1:1,000), phospho-p38 (cat no. 4511; 1:1,000), Akt(cat no. 4691; 1:1,000), phospho-Akt (cat no. 4058; 1:1,000), mechanistic target of rapamycin (mTOR; cat no. 2983; 1:1,000), phospho-mTOR (cat no. 5536; 1:1,000), caspase-3 (cat no. 9664; 1:1,000) and β-actin (cat no. 4970; 1:1,000) were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). B-cell lymphoma-2 (Bcl-2; cat no. 39869; 1:1,000) and Bcl-2-like 12 (cat no. 37451; 1:10,000) were purchased from Epitomics (Burlingame, CA, USA). Antibodies against Maspin (cat no. B1910; 1:1,000), Blc-2-associated X protein (Bax; cat no. J3113, 1:1,000) and Maspin small interfering RNA (siRNA; cat no. sc-35859) were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Sofast was purchased from Sunma Biotechnology Co., Ltd. (Xiamen, China). The enhanced chemiluminescent (ECL) substrate for detection of horseradish peroxidase (HRP) kit was acquired from GE Healthcare Life Sciences (Chalfont, UK). Other reagents were acquired from Beyotime Institute of Biotechnology (Jiangsu, China).

### Cell lines

The human gastric carcinoma cell line MGC-803 was obtained from the Cell Bank of Shanghai Institutes for Biological Sciences (Shanghai, China). MGC-803 cells were cultured in RPMI-1640 containing 10% FBS and incubated at 37°C in a 5% CO~2~ atmosphere.

### Plant material

The stems of C. orbiculatus plants (production batch no. 070510) were purchased from Guangzhou Zhixin Pharmaceutical Co., Ltd. (Guangzhou, China) in 2007. The preparation and characterization of COE was from the Department of Chinese Materia Medica Analysis, China Pharmaceutical University (Nanjing, China). The chemical constituents of COE were described previously ([@b15-ol-0-0-7341]). The resultant COE micropowder was diluted in DMSO to 1% and was further diluted with RPMI-1640 medium to different concentrations (10, 20, 40, 80, 160, 320 mg/ml) prior to use. The final concentration of DMSO did not exceed 0.1% in the cell medium ([@b4-ol-0-0-7341]).

### Transfection of siRNA

Cells were transfected with siRNA and Sofast according to the manufacturer\'s protocol. Briefly, cells were seeded onto a 6-well plate at a density of 3×10^5^ cells/well with antibiotics-free medium (Gaithersburg, MD, USA), 12 h prior to the transfection. Sofast (8 µl) in 92 µl serum-free RPMI-1640 medium was mixed with siRNA (10 µM) in 90 µl serum-free RPMI-1640 medium. The mixture was incubated at room temperature for 20 min to form a complex. After 20 min, the 200 µl transfection mixtures were added to each well with 1.8 ml RPMI-1640 medium containing 10% FBS at a final concentration (0.5 µM). Following 24 h transfection, cells were collected for RNA and protein isolation.

### MTT assay

The MGC-803/maspin^−^ cells were seeded onto a 96-well plate and treated with COE at various concentrations (0, 10, 20, 40, 80, 160 and 320 µg/ml) in triplicate to evaluate the effect of COE on cell viability. Following incubation with the drug for 24 h, MGC-803/maspin^−^ cells were re-supplemented with 200 µl culture medium containing 10% MTT dye, and incubated for 4 h (37°C, 5% CO~2~). Cells were then suspended in 100 µl DMSO. The relative cell viability was determined by a microplate reader (Implen GmbH, München, Germany) at an absorbance of 490 nm.

### Flow cytometry

Apoptotic cells were detected by the Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit (MACS Technology; Miltenyi Biotec GmbH, Bergisch Gladbach, Germany). Cells were digested with trypsin EDTA-free following treatment with different concentrations (0, 20, 40 and 80 µg/ml) of COE for 24 h. Following centrifugation (300 × g) at 4°C for 5 min, 1×10^6^ cells were collected and washed twice with cold PBS. Cells were resuspended in 500 µl 1X binding buffer and then incubated for 15 min at room temperature in the dark following 5 µl Annexin V-FITC and 5 µl PI additions. For each analysis, 10,000 events were recorded.

### Cell invasion and migration assays

A Transwell membrane (Costar; Corning Incorporated, Corning, NY, USA) was used for cell invasion and migration assays, according to the manufacturer\'s protocol. Following treatment with various concentrations of negative group (wild-type MGC-803 cells), COE group (20, 40 and 80 µg/ml) and 5-fluorouracil (5-FU) positive group (32 µg/ml) for 24 h, cells were seeded in the upper part of a Matrigel-coated invasion chamber in a serum-free medium. Medium containing 20% FBS was applied to the lower chamber. After 24 h, the cells remaining in Matrigel were removed by scraping, while the cells that invaded through Matrigel were fixed and stained by using 0.5% crystal violet (Beyotime Institute of Biotechnology) in methanol for 30 min. Images were captured under a fluorescence microscope at magnification, ×400 (Nikon Corporation, Tokyo, Japan) and invading cells were quantified by manually counting 5 fields of view. Migration assays followed in the same procedure, but with no Matrigel coating on the polycarbonate membrane. Each experiment was repeated three times.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

To quantitatively determine the mRNA expression levels of maspin in the MGC-803, RT-qPCR was used. Total RNA was isolated from MGC-803 cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) under RNase-free conditions. DNA was synthesized by a RT reaction kit (Takara Biotechnology Co., Ltd., Dalian, China). Subsequently, RT-qPCR was performed with a LightCycler 96 real-time PCR system using the SYBR Premix Ex Taq kit (Takara Biotechnology Co., Ltd.) in 96-well reaction plates (Axygen Scientific, Inc., Union City, CA, USA). All the aforementioned methods were performed by following the manufacturers\' protocols. Primers were purchased from Takara Biotechnology Co., Ltd. and their primer sequences were as follows: Maspin forward, 5′-CATCCTACTACCCAAGGATGTGGAG-3′ and reverse, 5′-TTGGCATTGGCCATGGTG-3′; β-actin forward, 5′-GTGGGCCGCTCTAGGCACCAA-3′ and reverse, 5′-CTCTTTGATGTCACGCACGATTTC-3′. Data were analyzed using the comparative Cq method (2^−∆∆Cq^) ([@b16-ol-0-0-7341]).

### Western blot analysis

Expression of Bcl-2, Bax, caspase-3, MAPK (p38, p-p38, ERK and p-ERK) and phosphoinositide 3-kinase (PI3K)/Akt/mTOR signaling protein (Akt, p-Akt, mTOR and p-mTOR) levels in MGC-803/maspin^−^ cells was examined by western blot analysis. Cells were centrifuged (8000 × g, 15 min, 4°C), washed with cold PBS and lysed on ice for 30 min in lysates (Beyotime Institute of Biotechnology) containing 100 µg/ml phenylmethanesulfonyl fluoride. Protein concentrations were determined by NanoPhotometer pearl (P-330-31; Implen GmbH). Total protein (20--70 µg) was electrophoresed on 8--12% SDS-PAGE and then transferred to a nitrocellulose membrane. Following incubation with 5% non-fat dried milk for 2 h at room temperature, Primary antibodies were diluted with 5% skimmed milk powder solution and incubated with the membranes overnight at 4°C, then washed three times with Tris-buffered saline (pH 6.8) with Tween-20 (0.1%) (TBST), incubated with the secondary antibody (sheep anti-rabbit IgG-HRP; cat no. HA1001; 1:2,000; Hangzhou HuaAn Biotechnology Co., Ltd. Hangzhou, China) at room temperature for 2 h and washed three times with TBST. The ECL reagent was used to visualize the positive bands on the membrane.

### Statistical analysis

All experiments were performed at least 3 times. The experimental results are presented as the mean ± standard deviation. Statistical analysis was performed by the unpaired Student\'s t-test using GraphPad Prism 5.0 statistical analysis software (GraphPad Software, Inc., La Jolla, CA, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effects of COE on maspin in MGC-803 cells

To investigate the effect of COE on maspin in MGC-803 cells, maspin siRNA was transiently transfected into MGC-803 cells using Sofast kit. At 24 h post-transfection, expression of maspin mRNA and protein was assessed by RT-qPCR and western blotting, respectively. As shown in [Fig. 1A](#f1-ol-0-0-7341){ref-type="fig"}, compared with wild-type MGC-803 cells, maspin protein was knocked down in the MGC-803/maspin^−^ cells. Following treatment with COE, maspin protein was increased in a dose-dependent manner in MGC-803/maspin^−^ cells. Maspin mRNA assay by RT-qPCR had the same results, as shown in [Fig. 1B](#f1-ol-0-0-7341){ref-type="fig"}. The MTT assay showed that COE inhibited MGC-803/maspin^−^ cell growth ([Fig. 1C](#f1-ol-0-0-7341){ref-type="fig"}). The cell viability had no significant affect when the concentration of COE was \<80 µg/ml. Therefore, concentrations \<80 µg/ml of COE were chosen for further experiments. Phase-contrast images of cells from the same fields were captured at 24 h after transfection. Representative images of MGC-803/maspin^−^ cells revealed that viability was decreased following treatment with COE.

### COE induces apoptosis in MGC-803/maspin^−^ cells

The effect of COE on apoptosis in MGC-803/maspin^−^ cells was then investigated by western blot analysis and flow cytometry. As shown in [Fig. 2A](#f2-ol-0-0-7341){ref-type="fig"}, following treatment with COE, expression of caspase-3 was increased, but the expression of Bcl-2/Bax was significantly reduced in a dose-dependent manner in MGC-803/maspin^−^ cells. It was revealed that COE induced apoptosis in MGC-803/maspin^−^ cells in a dose-dependent manner. The MGC-803 cells were labeled with PI and Annexin V. Cells in early apoptosis were Alexa PI-negative and Fluor 488-Annexin V-positive, and cells in late apoptosis were PI and Alexa Fluor 488-Annexin V-positive. The number of apoptotic cells (early and late apoptosis) reduced to 7.0% in MGC-803/maspin^−^ cells, and the number of apoptotic cells was 11.39% in wild-type MGC-803 cells. COE promoted the apoptosis of MGC-803/maspin^−^ cells in a dose-dependent manner ([Fig. 2B](#f2-ol-0-0-7341){ref-type="fig"}).

### COE inhibits invasion and migration through PI3K/Akt/mTOR and MAPK signaling pathways in MGC-803/maspin^−^ cells

The effect of COE on invasion and migration in MGC-803/maspin^−^ cells was investigated by Transwell assay and western blotting. Following the treatment with COE, the Transwell chamber was observed under the fluorescence microscope at magnification, ×400 (Nikon Corporation, Tokyo, Japan) and invading cells were quantified by manually counting 5 fields of view. The number of cells that invaded to the lower chamber was significantly reduced in a dose-dependent manner ([Fig. 3](#f3-ol-0-0-7341){ref-type="fig"}). These results revealed that COE decreased the invasion and migration of MGC-803/maspin^−^ cells in a dose-dependent manner, suggesting COE has an inhibitory effect on the metastatic process of MGC-803/maspin^−^ cells. As shown in [Fig. 4](#f4-ol-0-0-7341){ref-type="fig"}, the phosphorylation of Akt, p-mTOR and ERK was significantly inhibited (P\<0.01) by COE compared with the control group. By contrast, the total protein levels of p38 and mTOR were not markedly changed following COE treatment. The total protein level of p-p38 was increased in the MGC-803/maspin^−^ cells dose-dependently. In conclusion, these data revealed that COE inhibits the invasion and migration of MGC-803/maspin^−^ cells, possibly through the PI3K/Akt/mTOR and MAPK signaling pathways.

Discussion
==========

Traditional Chinese Medicine (TCM) is widely used as a therapy in patients with cancer worldwide, to suppress tumor proliferation, induce apoptosis and prevent complications ([@b17-ol-0-0-7341]). TCM also serves an important role in reducing the side effects and improving the quality of life of conventional treatments in patients with cancer ([@b17-ol-0-0-7341]--[@b20-ol-0-0-7341]). In previous years, bioactive component extracts from TCM were identified as therapeutic agents, and were effective in the prevention of potential cancers ([@b4-ol-0-0-7341],[@b13-ol-0-0-7341],[@b21-ol-0-0-7341]). An ethyl acetate extract of *C. orbiculatus* was revealed to have a significant ability against various human tumor cell lines to inhibit proliferation and induce apoptosis ([@b20-ol-0-0-7341],[@b22-ol-0-0-7341]--[@b24-ol-0-0-7341]).

Suppressor gene maspin expression is reduced or absent in numerous tumor cells ([@b6-ol-0-0-7341]). Increasing the level of maspin expression in tumor cells may promote tumor cell apoptosis and inhibit invasion and metastasis, inhibit tumor angiogenesis and even increase the sensitivity of tumor cells to chemotherapy ([@b6-ol-0-0-7341]--[@b10-ol-0-0-7341]). Apoptosis is a defensive mechanism of the body to eliminate malignant cells, and it has a significant role in preventing cancer. Notably, the predominant function of numerous antitumor drugs is to induce apoptosis in tumor cells via various apoptosis-associated signaling pathways ([@b25-ol-0-0-7341]). In the present study, western blot analysis demonstrated that COE can reduce the expression of Bcl-2 protein, and increase the expression of Bax and caspase-3 total protein, decreasing Bcl-2/Bax. COE performs a pro-apoptotic role through Bcl-2, Bax and caspase-3-mediated signaling pathways.

There may be other factors that may affect the invasion and metastasis of tumor cells, but each process requires migration ability. The Transwell assay is a common method of detecting migration of tumor cells *in vitro*; the number of cells in the small compartment at the bottom of the polycarbonate film reflects cell migration. The present results reveal that compared with wild-type MGC803 cells, the number of cells that migrated through the Transwell chamber increased significantly in MGC803 cells with low expression of the tumor suppressor gene maspin. With increasing COE concentration, the ability to inhibit gastric cancer cell migration was more evident. COE may enhance the effect of the tumor suppressor gene maspin to inhibit tumor cell migration.

The invasion and metastasis of tumor cells is coordinately regulated by a variety of cytokines and signaling pathways. ERK1/2, MAPK and PI3K/Akt/mTOR signaling pathways are major signal transduction pathways in the regulation of tumor invasion and metastasis ([@b26-ol-0-0-7341],[@b27-ol-0-0-7341]). Therefore, the effect of the tumor suppressor gene maspin and COE on the key protein molecular expression and phosphorylation levels of the MAPK and PI3K/Akt/mTOR signaling pathways was analyzed. It was identified that COE significantly inhibited the phosphorylation of Akt and ERK, while promoting the expression of p-P38MAPK. Therefore, COE targeting of maspin to inhibit metastasis of gastric cancer cells may occur through MAPK and PI3K/Akt/mTOR signaling pathways. The present study also demonstrated that TCM inhibiting tumor invasion and metastasis may be a multi-target, multi-channel integrated action. The antitumor mechanisms should be assessed from cells, molecules and systematic study of animal models.

In the present study, the results demonstrated that COE increased the expression level of maspin to inhibit the proliferation of gastric cancer cells and induce apoptosis in a concentration-dependent manner. Furthermore, COE targeting maspin to inhibit the migration and invasion of MGC803 cells may be through MAPK and PI3K/Akt/mTOR signaling pathways. In terms of the underlying mechanisms, the results of the present study demonstrated that COE affects maspin expression synergistically to induce apoptosis and inhibit invasion and migration in gastric cancer cells by regulating apoptosis-associated proteins and inhibiting MAPK and PI3K/Akt/mTOR signaling pathways.

In conclusion, COE may be a potential therapy against gastric cancer. Nevertheless, all experiments were performed *in vitro*, and *in vivo* studies are required for additional investigation. The present findings reveal that COE has a promising prospect in treating metastatic gastric cancer.
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![Effects of COE on maspin expression in MGC-803 cells. (A) COE increases the maspin protein in MGC-803 cells in a dose-dependent manner. (B) The effect of COE on maspin mRNA expression in MGC-803 cells was assessed by quantitative polymerase chain reaction. (C) The MTT assay was used to measure the viability of MGC-803/maspin^−^ cells following treatment with COE (0, 10, 20, 40, 80, 160 and 320 µg/ml) for 24 h. (D) Morphological changes between wild-type MGC803 cells and maspin siRNA-transfected MGC803 cells treated with COE (0, 20, 40 and 80 µg/ml) for 24 h (magnification, ×100). The values are represented as the mean ± standard deviation of at least three independent experiments. ^\#^P\<0.05 and ^\#\#^P\<0.01 compared with the control. \*P\<0.05 and \*\*P\<0.01 compared with maspin siRNA-transfected cells. COE, Celastrus orbiculatus extract; siRNA, small interfering RNA.](ol-15-01-0243-g00){#f1-ol-0-0-7341}

![COE induces apoptosis in MGC-803/maspin^−^ cells following treatment for 24 h. (A) The expression of apoptotic markers (Bcl-2) and caspase-3 markers (Bax) was evaluated by western blot analysis. β-actin acted as an internal control of protein level. The relative density of apoptotic markers was normalized to β-actin, which was determined by densitometric analysis. (B) Flow cytometric analysis for detecting apoptotic cells in the early and late stages. Early and late apoptotic cells were combined as the apoptotic cells. Results are presented as the mean ± standard deviation of three assays. ^\#\#^P\<0.01 compared with the control. \*\*P\<0.01 compared to maspin siRNA-transfected cells. PI, propidium iodide; FITC, fluorescein isothiocyanate; COE, Celastrus orbiculatus extract; siRNA, small interfering RNA; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X protein.](ol-15-01-0243-g01){#f2-ol-0-0-7341}

![The effect of COE on invasion and migration in MGC-803/maspin^−^ cells was assessed using the Transwell assay. The invasion and migration ability of MGC-803/maspin^−^ cells was quantified by counting the number of cells invading the lower chamber under a fluorescence magnification, ×200 (Nikon Corporation). Results are presented as the mean ± standard deviation of three assays. ^\#\#^P\<0.01 compared with the control. \*P\<0.05 and \*\*P\<0.01 compared with maspin siRNA-transfected cells. COE, Celastrus orbiculatus extract; siRNA, small interfering RNA.](ol-15-01-0243-g02){#f3-ol-0-0-7341}

![Effects of COE on the MAPK and phosphoinositide 3-kinase/Akt/mTOR signaling pathways. The activity of p-p38 and p38, p-Akt and Akt, p-ERK and ERK and p-mTOR and mTOR was examined by western blot analysis. The relative density of the aforementioned proteins was normalized to β-actin, which was determined by densitometric analysis. The values are presented as the mean ± standard deviation of at least three independent experiments. ^\#^P\<0.05; ^\#\#^P\<0.01, compared with the control. \*P\<0.05; \*\*P\<0.01, compared to maspin siRNA-transfected cells. mTOR, mechanistic target of rapamycin; COE, Celastrus orbiculatus extract; MAPK, mitogen-activated protein kinases; ERK, extracellular signal-regulated kinase; siRNA, small interfering RNA.](ol-15-01-0243-g03){#f4-ol-0-0-7341}

[^1]: Contributed equally
